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Abstract
Purpose The objective of this study is to evaluate patel-
lofemoral joint imaging on magnetic resonance imaging
(MRI)in asymptomatic subjects toassess normal valuesand
to test statistical correlation and reliability of MRI scan.
Methods An analysis of 51 standard MRI examinations
was performed. Sulcus angle (SA), patellar axis (PA), lat-
eral patellofemoral angle (LPFA), and lateral patellofe-
moral length (LPL) were measured. None of the patients
suffered from patellofemoral complaints. Patients with
patella alta and signiﬁcant hydrops were excluded. The
measurements were assessed with a 2-week interval by two
raters under blinded conditions. Statistical analysis was
applied by an independent analyst.
Results The mean SA referenced 142.4 ± 6.9,P A
5.3 ± 3.8, LPFA 13 ± 4.4, and LPL 0.8 ± 2.9 mm.
Inter-observer variability showed high correlation for
LPL and PA, as the repeatability coefﬁcient was high
(LPL; 1.49 (LN), 5.7 (ST) and PA; 4.1 (LN), 5.8 (ST).
Also, intra-observer variability showed good correlation
for LPL and PA.
Conclusion The results represent patellofemoral values in
the normal population. They indicate that MRI is a reliable
imaging technique to determine lateral patellofemoral
length and patellar axis. Lateral patellofemoral angle and
sulcus angle showed a poor correlation and should not be
used for decision making.
Level of evidence Development of diagnostic criteria in a
consecutive series of patients and a universally applied
‘‘gold’’ standard, Level II.
Keywords MRI  Patella dislocations  MPFL rupture 
Trochlea dysplasia  Observer variability  Limits of
agreement
Introduction
Patellofemoral instability is a disorder which is caused by a
number of anatomic abnormalities. In order to qualify and
quantify these abnormalities, radiologic imaging tech-
niques are key to the evaluation of the patellofemoral
joint. Plain radiography is the most common diagnostic
imaging tool and is the least costly. It is usually supple-
mented by a computed tomography (CT), because the CT
is 1.5 times more sensitive in detecting anomalies that
cause patellar instability when compared with conventional
radiography [13].
Although CT scanning has been proven to be reliable in
evaluation of distal patellar malalignment [3, 7, 14], it has
major drawbacks compared with magnetic resonance
imaging (MRI). It does not allow for (1) imaging of the
cartilage morphology. This morphology is essential for
joint congruency and thus for joint stability. As it has been
shown that cartilaginous morphology differs from that of
the underlying bony trochlea, MRI would be the imaging
technique of choice for evaluating the trochlear groove [10,
18, 19]. Besides a better evaluation of cartilaginous mor-
phology, MRI also allows for imaging of (2) chondral
lesions after patella dislocations and (3) ruptures to the
MPFL [17, 20]. The incidence of chondral lesions after a
patella dislocation is reported to be as high as 96% [12].
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Four different factors have been proved to be signiﬁ-
cantly correlated with recurrent patellar instability. These
factors are as follows: trochlea dysplasia, patella alta,
medial patellofemoral ligament (MPFL) rupture, and an
increased tibial tubercle–trochlear groove (TT–TG) dis-
tance [6]. Thus far, only patellar height [2, 11] and trochlear
groove tibial tuberosity distance measurements have been
validated for MRI scans [15]. Of the two other important
factors in patellofemoral instability, i.e. trochlea dysplasia
and patella tilt (as an expression of MPFL insufﬁcience),
neither reference values nor reliability is available for MRI
scans. The aim of this study was to describe a reliable
alternative to CT scanning because of its inherent disad-
vantages; therefore, we evaluated which MRI measure-
ments can be relied on for assessing trochlea dysplasia
and patella tilt. We evaluated the sulcus angle (SA), patellar
axis (PA), lateral patellofemoral angle (LPFA), and lateral
patellofemoral length (LPL) using cartilaginous landmarks
and tested the statistical correlation and reliability.
Materials and methods
Eighty-three consecutive patients (83 knees) from the
outpatient knee clinic of the Alysis Rijnstate hospital
(Arnhem, the Netherlands) were evaluated for this study.
All patients obtained standard MRI scanning after a trau-
matic event of the knee. MRI examinations were performed
using an Intera release 12, 1.5 Tesla Philips MRI scanner
with a slice thickness of 3 mm. The position of the knee
was in 30 ﬂexion with the quadriceps muscle relaxed.
The most common diagnoses were meniscal or anterior
cruciate ligament pathologies. Thirty-two patients sus-
pected of patella alta, fractures, or signiﬁcant hydrops were
excluded. Thus, the cohort reﬂected the normal population.
An analysis of 51 standard MRI examinations of 51 con-
secutive patients was performed. None of these patients
suffered from patellofemoral complaints. None of the MRI
scans were rejected because of inadequate quality.
Measurements on axial MR images included the fol-
lowing parameters: The sulcus angle (SA) was measured
using the chondral outline of the trochlea with the axial
section at the level of the Roman arch (Fig. 1). Also at this
level, we measured the patellar axis (PA) as described by
Dejour et al. [6], which is the angle between the midline
axial section of the patella and the line drawn parallel to the
posterior femoral condyles (Fig. 2). The lateral patellofe-
moral length (LPL) is the distance between the most lateral
part of the patella and the line drawn parallel to the lateral
side of the femur condyl (Fig. 3). Lateral patellofemoral
angle (LPFA), as described by Laurin et al. [10], is the
angle between the line parallel to the tip of the anterior
condyles and the lateral patellar facet (Fig. 4). Values were
measured in degrees (SA, PA, and LPFA) and millimeters
(LPL) up to one-decimal accuracy.
Two raters with different medical experiences con-
ducted al measurements: one medical student (last year
medical school) and one orthopaedic resident (third-year
resident) (LN, ST). The measurements were assessed twice
with a minimal interval of 6 weeks. At every assessment,
Fig. 1 Sulcus angle
Fig. 2 Patella axis
Fig. 3 Lateral patellofemoral length
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and the mean of those measurements was used in statistical
analysis. All observations were assessed under blinded
conditions [4]. The observers were not involved in the
treatment of the patients.
Statistical analysis
To determine the inter- and intra-observer reliability, the
coefﬁcient of repeatability was calculated. The coefﬁcient
of repeatability is a qualitative measure of rater reproduc-
ibility and is based on the expectation that 95% of the
differences between measurements for one observer and
between the two observers are smaller than 1.96 9 stan-
dard deviation (SD) of the differences.
To determine the limits of agreement, the Bland and
Altman method was used [5]. The limits of agreement,
deﬁned as the mean difference between observ-
ers ± 1.96 9 SD of this mean difference, quantify the reli-
ability of the measurement techniques as it determines the
measurement error from all sources (the inter- and intra-
variabilityfromtheobservers).Thus,thelimitsofagreement
indicate the minimum difference between two measure-
ments that is needed to exceed the measurement error.
Results
The mean values for SA, PA, LPL, and LPFA referenced
respectively (mean ± SD): SA 142.4 ± 6.9,P A
5.3 ± 3.8, LPL 0.8 ± 2.9 mm, and LPFA 13 ± 4.4.
As shown in Table 1, the repeatability was higher in
LPL and PA, as indicated by a lower repeatability coefﬁ-
cient. The repeatability coefﬁcient was 1.5 (ST) and 5.7
(LN) for LPL and 4.1 (LN) and 5.8 (ST) for PA mea-
surements. Both LPFA and SA showed higher variability
between the measurements, as the repeatability coefﬁcient
was higher for both observers. The repeatability coefﬁcient
for LPFA was 6 (LN) and 10.2 (ST), and for SA 5 (LN) and
9.1 (ST). In inter-observer as well as intra-observer vari-
ability, PA and LPFA measurements represent the best
results (Table 1).
Thelimitsofagreementdeterminethemeasurementerror
from all sources, and it quantiﬁes the reliability of the
parameters. As shown in Table 2, the results for SA show
9.3 and 9 based on one and two measurements, respec-
tively. Thus, if the SA is measured by one observer, a dif-
ference greater than 9.3 is a real difference; the difference
must be greater than 9 to be classiﬁed as a real difference if
twodifferentobserversmeasuredthevalues.Thus,theactual
value of SA could be up to 9.3 lower or greater than the
value measured, and the difference between the two mea-
surements made by different observers must be greater than
9 to be classiﬁed as being a real difference. These results of
SA imply high levels of variation. The limits of agreement
calculatedforPAandLPLwerelow,being5.4basedonone
and5.7basedontwomeasurementsforPAand5.1 mmand
4.6 mm for LPL. LPFA had the highest limits of agreement:
11 and 9.6, respectively.
Discussion
The most important ﬁnding of this study is that a MRI can
be used for evaluating the patellofemoral joint but that not
Fig. 4 Lateral patellofemoral angle
Table 1 Repeatability
Observer 1 (LN)
1 Observer 2 (ST)
1
Lateral patellofemoral angle 6 10.2
Sulcus angle 5 9.1
Patellar axis 4.1 5.8
Patellofemoral length 1.5 5.7
1 Coefﬁcient of repeatability = 1.969 standard deviation differences
for 1 observer and method = 2.779 root of the mean within-subject
variation
Table 2 Limits of agreement
Based on 1
measurement
2
Based on 2
measurements
3
Lateral patellofemoral angle 11 9.6
Sulcus angle 9.3 9
Patellar axis 5.4 5.7
Patellofemoral length 5.1 4.6
2 1.969 standard deviation differences for 2 or more observers or
methods for 1 measurement
3 1.969 standard deviation differences for 2 or more observers or
methods corrected for multiple measurements per observer
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technique to assess PA and LPL, but not for evaluating the
SA and LPFA, because these measurements have a poor
inter- and intra-observer reliability. This study gives an
estimate of the cartilaginous normal values of SA, LPFA,
PA, and LPL, and it is the ﬁrst time that these normal
values for MRI imaging of the patellofemoral joint were
described. The clinical relevance of this study is that it
proves that a MRI scan can be used for evaluating the
patellofemoral joint, but not all measurements are equally
reliable.
To evaluate pathologies of the patellofemoral joint on
MRI, normal values are necessary to interpret abnormal
ﬁndings as ill-deﬁned values may lead to poor surgical
decision making. A MRI instead of a CT scan can result in
conceivable changes in treatment of patients with both
primary and recurrent patellar dislocations because a MRI
can show abnormalities which can be overlooked on a CT
scan. Examples are a large chondral fracture (that needs
operative treatment) found after a primary dislocation or a
dysplastic cartilaginous femoral trochlea found in recurrent
instability patients. The cartilaginous joint congruency is
important because the objective of any stabilizing surgical
procedure is to try to restore the joint congruency to nor-
mal, and therefore stable, values [13].
Is the MRI now shown to be reliable on evaluating the
patellofemoral joint? We only looked at a limited number
of measurements that we thought important. We did not
evaluate all patellofemoral measurements using MRI pre-
viously described by other authors. Patella alta has been
thoroughly researched by numerous authors which all came
to the conclusion that MRI is a suitable imaging technique
for measuring patella alta, showing good inter- and intra-
observer reliability among the different methods of mea-
suring patella alta, although the more recently introduced
patellotrochlear index by Biedert et al. showed poor cor-
relation in assessing patella alta when compared with the
more conventional methods such as the Blackburne-Peel,
Caton-Deschamps, and Insall Salvati ratios [2, 4, 11]. The
tibial tubercle–trochlear groove distance (TT-TG) has been
studied by Schoettle et al., and the bony and cartilaginous
landmarks of the trochlea have been studied by Huyssteen
et al. [8, 15]. Schoettle et al. [15] showed that TT-TG can
be reliably determined on MRI. They found an inter-
observer and intra-observer variability comparable to the
results in this study.
Huyssteen et al. [8] showed that cartilaginous trochlear
morphology differs markedly from that of the underlying
bony trochlea. They found a mean angle of the bony sulcus
of 138.2 (126–157; SD 7.2) and a cartilaginous sulcus of
147 (133–179; SD 9.5) in their control group. In this
study, we now found the cartilaginous SA value to be
145.3 ± 7.1, but the measurement reliability of this angle
was poor. None of the chondral landmarks of the LPFA,
LPL, and PA on MRI were reported in previous studies.
The LPFA was ﬁrst described by Laurin et al. [10] based on
conventional axial radiographs. They found normal values
for LPFA to be [0. This value was later conﬁrmed by
Inoue et al. on CT scanning [9]. Alemparte et al. [1] found
the LPFA on CT scanning to be 8.1 ± 14.5, which is close
to our results of 13 ± 4.4 on MRI. The PA was ﬁrst
described by Dejour et al. [6] as measured on CT scanning.
They described a PA of 10 ± 5.8 in non-symptomatic
persons. More recently, Alemparte et al. [1] found a PA of
11.1 ± 10.6, also on CT scanning. Our results of
5.3 ± 3.8 as measured on MRI are remarkably smaller.
Limitations of this study consist of small population
size, two raters who varied in experience, and the chosen
population type. Fifty-one knees were evaluated, which
makes the sample of fairly small size, but sufﬁcient for
statistical analysis. Two different raters performed the
measurements in current study. Both raters varied in
orthopaedic experience, which may have inﬂuenced the
inter-observer variability. The results were improved at
time of the second measurement assessment. This suggests
a learning curve for all four measurements. On the other
hand, these results indicate that even inexperienced raters
can perform all measurements. This is represented in the
lower numbers of repeatability coefﬁcient for the less
experienced rater, which implies that the measurement
method is simple.
The current population should represent the normal
population without patellofemoral complaints. Neverthe-
less, all patients used in this study have gone through a
traumatic event. Patients with evident fractures or signiﬁ-
cant hydrops were excluded, but patients who would have
had an anterior cruciate ligament (ACL) deﬁciency were
not. As is now known, an ACL deﬁciency induces an
increased patellar angle of approximately 3 [16]. We
found that the difference between measurements must be at
least 5 to be a real difference, so a difference of only 3
may not be so relevant. The current study population was
limited to Dutch subjects. This should represent a Cauca-
sian population, but due to the anatomical nature of the
study, results cannot be extrapolated to other populations.
Conclusion
The results represent patellofemoral values on MRI imag-
ing in a normal population without patellofemoral com-
plaints. The results indicate that MRI is a reliable imaging
technique to determine patellar axis and lateral patellofe-
moral length. Lateral patellofemoral angle and sulcus angle
showed lesser results for intra-observer correlation as well
as inter-observer correlation and should not be used for
1738 Knee Surg Sports Traumatol Arthrosc (2011) 19:1735–1739
123decision making when measured on MRI. Further research
is needed to conﬁrm these values in asymptomatic subjects
and to establish the values in patients with patellofemoral
instability.
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